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^444 42003-0097609 

£1 

444*1 

£ 1 * 44^1 4^ 441N4 5]^H]-<g 44 4°) -2-^4 44E°14. 

E2^r44^i 4^1- 441! 314 ^4"S 44 4°l-3^4 s43 44£44. 

-E 3A ^Al^Bfli^ 4-g-tLS 4^44 7}^7\] ^444 ^71 idjSS (excitation spectrum)* 444 nefl 
£ d 14. 

£. 3B 4^Wl4 4^44 7HM$3-*|3 ^4^4^ (emission spectrum)* 444 a?l5 

°14. 

£4r 4^IU3|l4 44 4°R^4 44^4S E j4 J&44 

-£ 5A 4^3124 >l]fAS 4-^44 <>mf-^M-fe~7l-3ia) H444 ^7] iaijsej* 444 ^5fl£<>14. 
£5B^r 44^3)24 ^IfAS 4444 °lSf-^fl^-.7H?|| ^4*114 44^4^4 444 ^5l]£o|4. 
£6f 4^Efl24 44 4°14-HS1 444* ^t}7] 44 ^51 E^Ai, E4^ A4 B^£ 44£47 r 4 

44^ 44 44*3* 44^U, c^, d^* 44 2444 44*3* 44^4. 

£ 7 * -g^i 4€- 4€- 4^314 sJ4^ 4444<i] a^iaj 44E44. 
£8^1 74tt 4^ ^411 44444 243 44:eo14. 
£9^I7SE 84^- 4€- ^4*§ 44444 s.43 44£<>14. 

£ 10 * £4444 **^14 £^14*14 l-S.£o|4. 

£ 11 * JElOi 4= £44*14 LED £4714 3g4-£ 0 14. 

E 12 ^ 4-44^4 ^ 46lis S RGB4 471)21 44 4°l-5-Hl- <>1*44 ^ 4<^4 LED £444 

^^E^l 4. 

£ l3Afe^Hi ^ «i aii i 4# 44 4°1^4 4^4^441: 444 ^afl^s, 25°c444 4444. 

5. 13B ^ 44^1 4 Hl^iHI 4-^ 44 44-2-^4 4^4^ 441- 44^ ^fiflSS, 60 o C, 90%RH444 
1444. 

Sl 14A ^ ^19 4 4^124 tfl^(weatherability)4"^14* 444 nsflHS., ^444°11 44 4^* 

4** 4444. 

51 14B 44*119 Hl 2 oil25l 4^444441 44vfl ^tg^o] XA^T^S. 44v£4 

£ 15A 44^19 4 «1 510)1 24 4^ ^ 40] is .6| a,5|^ Al^cflA^ fli^^-4 ^440] ^s. 44 

4 ^L2iiH^4. 

£ 15B ^ 44^9 ^ 4ai24 4# ^4°l-2-^4 -a^^^l^i^i^ 4^4 ^144^ 441- 444 ^.2)1 = 
44 

£ 16 * £14 444 H4^14 ^3 44 465nm4 ^4 LEDS ^4 4°l-£-^°ll ^14 444 4fe 
4^4^44 444 4^ -£4*14. 

£ 17 £14 444 114*114 4H44 465nm4 44 LED* ^44 44 4°l-§-^-i4 H442I 4*44 
444 S4 44 4444 44« 444 4£ 5L4 0 14. 
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5L 18A (Y M Gd 0 . 4 ) a Al 3 0 12 : CeS JE*13fe €4°ll24 SS^l tfl4^8 ^3=^ 44 
\S4. 

£ 18B lft* A3. 4^ 460nm^ 7>4^ 44°)l2^ i£3vfc*M9 tHh^H^l* 44^4- 
£ 18C 4^H2^1 4# tWS_z.cn ^% i^ESA 4444. 

£ 19A (Y 0 . 2 Gd 08 ) 3 Al 5 0 12 : CeS i^s)^ ^HlS^ iE^im-a^^sj 1*4 as)eS|- 44 

S 19B 44 2)3 4^ 450nm# 7>4fe 44*1154 444,4^ ^A-snee^ 4444. 

S 19C 44 ^IM 44 40I 44 i««Ea|. 4444. 

£ 20A Y 3 Al s 0 12 : CeS. a^s)^ 4*H63l iS^l^l^^^l^ 4# i^S^4 44^4- 

S. 20B 44 4# 450nm4 7>4^ ^1 6^ 44^40] 44^4^4 44^-4- 

i 20C ^aH65] 44 4 0 L<?-^ ^4^* 4444. 

5L 21A Y 3 CAIob Ga 0 . 5 ) B 0 12 : CeS SE^fe ^4^75] S54^H4^4^ 44 i^^-fr 44 
44. 

£ 21B 44 44 450nm4 7>4fe 4*H74 44^4-21 44^:^4 44^4. 

s. 21c 4*H7£i 44 4 o i^- c -^i t# ^s^-a- 44\34. 

51 22A (Y„. a Gd 0 . 2 ) 3 Al 5 0 12 : CeS 4^Hll4 iS^KM^lM^ 4# = 44 

44. 

£ 22B (Ym Gd 0 . 8 ) 3 Al 5 0 12 : CeS £a]e)^ 4*Hll3 £^444^4*11 3 4-4 i^H^ 44 

£ 22C 4^ 3) 3 4^ 470nm4 7>4^ ^^115] 44.^44 ^^e^^- 44^4- 
£ 23 -fir €-*Hll^ ^ 4°1AH^ 44 44^4. 

100, 200, 501 : 44 4 d l-£-H 101, 201, 701 : isD^ 

102, 202, 702 : 44^4 103, 203 : 4°1°1 

104 : l-S^fl 105 : 4£S e)i= 

105a : ^ 105b : e]H4 

106 : SIM el H 204 : 44-MW 

205 : 44^ 504 : AflA] 

505 : 4^4*11 506 : ^e)^^ 

601 : LED £^71 602 : $3. 

603 : 4-^-^1 *]t% 7l^^4 604 : 42: 4H^4 

610 : 4*3^ 703 : 44714 

704, 707 : £^4 705 : 444*1 

706 : 44^1 S 
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44414 LED t|i^ol, tffleM^ 44, -413:71, ^11 ifl^ * 4* tl^l ?11 °1 §11 d 141^ 44 41 
_£.J=o)l 44 ^1 44^47} 44H1fe 4<q sH^-ft- 4411 444^ as^im^li^^* 414 

4441 S 144 X1411 44 114. 

44 414 ^jSl 44 444 4 $X°-V\, 4511^411 tfl-g-ofl ^4 ^3|7l- 

Sli, ^14^41 141*1 114^, on/off Q^-q 44<*l 444^ s.^^ 7 j.^tf. «h 44 4^ °|r^l 
0IBI4 o^e^M 4-go_s>l ite) 141^ $14. a, ^^°)l^^Jifl£, jlsl^I rgb(1, 4, HI) 444°l-2.^ 
7> 44 711411, 14 44 4°1^h» 44441 led l^f^l 0 ^} 4-g-lTfl 344. °1 LED 1^431 
Ife 14 41A3. 441« 4 SU, ^144 411 44^ 444 414 7Mes, 14 141 41 444 

IAS 1144. 

^slJi, 1?14 44 4°1^« 14*111 1144444 4441^ 1S7} 117M 01^^51 $14. 44 
cM.slh.i- 44*11^1 1144 11 1444, 44 41.2-H.7l- 411 1^444 41es 1#-§-1 R, G, B 37} 

I 44^44 ^1 4141 44111 444414 4-M- $14. °114 1144 4111514 H4 
14, 44^41 1^4 fl£ §1 14^ 1*fl 44fe «414 4^14 4 &4fe 41 11 $144. £, 44i47f 
44 4* Asjl *§111 flfe 14, 4 44^41 4441 4°1 44 44°)1 ^11 444 17H14 *4s, 
441^7}- 4414fe $114. 13-1, 44^47} 4J£*ll 44^411 tffl^l, 441 4^414 14 
141 4^ 447> 4SJ-, I27} 4441 1 44 14114 4 44^41 11 4114 44 4141 411 

II 41 4^41 ^14 4 44 £114 7W2 $144. 4, 44 41-^4 441 14 4411^ 444*1 
^Ife 434114, 44^4* °1411 1144 4114 4 $ife 44=^14 444 14 4 &44. 

^11, £#414 41 444i41 11 414 41 44414 14411 #11tt 44 4°U^», 
5-152609J: 4^., 47fl^ 7-99345^ 4iL, 4711^ 7-176794J: ^iL, ^})$ 8-7614^ 4Ji 4i 4XU4. °1 
1-i 7fl ai 4 44 4°UHir 144^1 444i4» 44-*H4 «]^7fl 4 4-& 44^4 44^14 4 $1^ 44 
4 4°1 44 3<>1 $14. 

471 4iH 7114^ 44 4°14.h^, 4^H^.s^, 444^1 <^m^l^^oi 3. 44^41- = 44 
i ^ ^li apl4^, 44^4* 31444 4^1#h4711 4°fl 44^4^4^^1 44 *4*M ^44 44 
44°1 4-& 44 44^1 71^(44 44) ^4^11- 44^1 n 4^44. 

471 7fl4« 44 4°Rsi Sl^^i, 44^45. 44 6 1 7^4 44^4* °144^, *fl4 44^4* 
=l 444 *4«11a1 4^7il 44 44^41^ ^4^1* t4«:4^Hl ^l«ll #^4^.^, H ^^^l 44 

44^14 4 $lfe 44 4°l4-Hf ^144 4 tU4. 

nH-i4, 42fl5i 44 4015.^, ^4^sl 14s. 4141 AJ !S7> 44714 S4^7> 714^4*Wa^ 4^ 
4 4#a4°l ^4=)^ ^47> $14^ $144. ^74^, 714^4^44^ ^4, (Cd, Zn)s ^4 

^ 4^1 47l^^44» 6 144 ^4^m d l "WW 444fe 444^ 6 ^47> ^4sl7l4 ^43 714 «H4 4 
4^1^ 5!4 44^, a 4717)1 ^4^1^5-1- °144 ^4^11^ 2444^1 m 4^=1^ 44 444 

4*1, 44i4"?l jl^^^IHSs.^* 7>xi^- 4^1» ^l*^^ ^4^ 44Jl44 44^14 ^4(4, 4£^li $\ 
n 44^^ 4^ <m^l7> ^4^1 jl, %%n}7} 444 4 $lfe 4^4 °14^1 4°1 47>4^, A4 44 4°1 444 
4), sife 44^14 4444 41 ^4(4, 4^1 a? as f 4^1 °il ^43^ °flLi^l4°l 4444.) ^4^4} 
*44^ 41 iM14 41^as 44lHi, ^4^111 447> 4^^44. a, 44^41 444£« 1 S14 
47l4°ll 4^1 4444, ^4^11 4^-7> 1 4«D44- 

a, 44^41 e4i 414 Ifl^, 444i7>5i 4£ 4414 144^(i441, 41°fl4 44144 A 
4 ^44i 14 4)°fl 1«fl ^4i£ ^411 o] <gofl ^ ^7} $14. 

^Ijl, 441111 441^r, 14i1 ^-gsj-fe- 4414 4^)^] 14^1 444 444, 41 4 1 141 1«11 
147l-441^r^£ $14. 

a, 141 411^1:4444, ^ 5-4°H4^144t]H1 1«ll 47ll4(electrophoresis)4 1i>-1 ^2:7V 4 
4^r144$i4 
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44^4 4?1 44# n^}?] °]^°\^ J±4 jlflHS ^1^}-A>^-^«H1^£ 444^ g 

44^4^1 *|44 a!] £44 ^ ^ 444*1* ^144^-H n SH4. 

44 4' 44 

44^4*4, °i 434 *^§>7i ^sii, 44^1-4 ^4^1* ^14 444*h si^, 

(1) 44^4^4 44°i 7>^«>i, n 4444§°i 4714 44°ii cflti) <a^si^ safe 74, 

(2) ^ 4315-4 444 .31^5. 44^H ^ 4*1 3 ^4 44£4°IM 4^fe 44 4^1 ii#SH ^-7] ?b 
444 ^-HIH, 4^447} 34 ifl^ g ifl^ 3 Oft* ^(Sgj 44^} ^^o,] ^ «^l5]fe ^^Ife 

4 3^ ^£^1 4^-4 Efl^i «1 -Sfl 4 30«ll-40«lH 44^ 4£4 7>x]fe 4^ i^fSjjEiS, 44^4^. HLflSl 

4444 444 ^#*h A^sife <^444), 

(3) 44^44 ^§4^143 44?-4 ^4^7} 44^4^4^ irfjESj^ 7Mfe £^ ^ 3 4^ ^ 

£■§■3-2-^ 4444 Jl^AS 4^ 44444 441: + Sl^ 
* el 4-3.44:2. ^44-2. i^i 3£4 14, 44*34 4^f!4. 

4, 44^1 444*14, 444°1 4H*H°J 44^44, 314 44^H 444 4^1 14* 44*M * 
44 43 444 4^ 444 7 r *lfe 44 444^ ^£^4114^4^11: 4"14 444*H Sl^l, 

471 44^43 444°1 14#^1^#^:£^S al-f-o^i, 47l 3E£4 n 4H 4^4^17}, Y, Lu, Sc, La, G 
d 4 Sm°-5. °14°14 ^#<HH 4^4 3°l£ 443 4^4, Al, Ga ^ InAS °14<H4 ^fi^l 4^4 
443 3E4*KS, ZL5l Jl ^#o.S 4^44 7>^(garnet)7ll 3**115 Ifsfe 44. 

^7H, 711441-4^1(143 In ; G aj Al k N, 4 0<i, 0<j, 0<k, i+j+k="l")3fe InGaN, 44 1-£#<>1 

£H4 GaN4 5-, ^a^M 3H S4€4. 

a, 47l SE^ifl^^afe Y 3 Al 5 0 12 : Ce, Gd 3 In 5 0 12 : Ce» al^MM, 4714 4°1 ^33^ 
443 3*1 £444. 

rial JL, 4 ^3 ^^^fe, #^*>^ 4^"i7>4 471 #4^4* 3|4*}i ^7) 4^i7>oll ^14 

^ ^r«H ^ 4^-4^ 4# ^^^l* a^^fe a^4^)l 

1- 4wl*>i, ^7l ^4^1^ %^oii 471 s^4^fe 4^1* a4t-5-S.«i -fr^M-a- «1>n ^fe 

314, 4 4^^1 t^-4^1^ 1>44^ 44^44, 44i4i ^4<^ 444 ^^4^ o a4» 4 

^ 4^4^r 4-E 4^ 444^ ^4^)« S44^ s^4^4, ia^44Hl sl4°i s| 
43^ ^>1 44^4* #^4fe #^4^fll- =f-*]^3L, -#7] ^4^1^ 4^^U 47l #s4^fl^ 44^11- 
i^-g-^-M 4^ AJ 1* ^3^: ^Sls. 44. 

444^^1 444^14 44°1 7^4 141-^l^ 1 -§45LSlls <=1^^4 44^41- 444^ Sahs, 
44^14 4 514. a, «114 ^4 4*H4 4^-4^ flfe 47l iS4^M14^^4^lfe, 4 A 14, 44 4 
oil i,4sici45L ^44^ 4471- aj-^ 44^°1 ^4 ^<>14. 44^i, 4^14 44°ll tfl«fl 4^ # 

5 4 Si 3i, 44^4-^4^^ 44 4 444M4 4^144^1 4 $M 4(4^1 44 i44 ^44 4)°fl ^4 14s 
#1 4 SI^, ^444 ^\sl^\7} 4*1 3|4 444^1 * ^1^4 4 X14. si, 444^^1 444^1 fe, 444^1 

4tt 47] lE^lv4di1fSll7} 444(ffig§*) 6 l7l nfl^l, «|*S<H 120nsec4^r 4^ tt^S-?} A 

-^slfe 444 4 Si 4. 

44^^ 44 4<>li>-^H4 4?1 iS4 u M14^^4^7l- Y4 A14 i44^- °lS4-44 13 14-74jJ^ ^4 

^11 (yttrium-aluminum-garnet fluorescent material)* i44^ 44^1 4^-, °H1 44 444*1^1 S 

1 4 S14 

44^^1 444^H14fe 47l SJ=4 B M14^^4^m ° E I4^(Re 1 _ r Sm r ) 3 (Al x _ s Ga s ) s 0 12 : Ce 3. 

slfe ^4^11- 444 4 $3. (4, 0<r<l, 0<s<l, Refe Y, Gd<?M 4^s)fe ^^si 1 il4 <: '14.), °ls#-44 i:i 14- 
7>4?il S4^11# °144 ^44 414 444 444 44 4 Sl4. 
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31, ^4*3 ^ 444*H4^r, 44^(4444, 44451 4)^1 #oi7l ^|sfl 4?1 is^tilAi 

iff^S , a^(Y 1 _ p _ a _ r Gd p Ce q Sm r ) 3 (Al^ Ga s ) 5 0 12 5L i^i, ^4*11(4, 0<p<0.8, 0.003<q<0.2 
, 0.0003<r<0.08, 0<s<l)# 444fe 442144. 

31, 44^ 444^H Sl^^i 47l ±E^H4^f 4^1 fe, 44 Y4 A14 £4*M 
4# 2^144 4^43 °ls#-^^i^-. 7 >^^ ^4^11- 451 $14. <W1 44^-4 

51 4^(4444H i£4*N14^4*llsl a^xj, ^ais ^ 

344 44^ 444^H*fe 444*1 -°1 tf^t^ 5 ! grA5L-M^}7l ^4 47l iSL^ltll^i 
IWcnn^CReh Sm r ) 8 (Al !. s Ga s ) 5 0 12 : Ce(4, 0<r<l, 0<s<l, Refe Y, Gd°lH AiSjsji, ^ <H 
51 <iJ^*14.)S £4=| ji A-15L a^cl 4^. 2^1^ ^4*H4 S44^ 44344. 

, 31, 44^ 444*H &<>Hfe, 44444 ^*}7l iflSfl #7l ££4*411*1^4^ ojhi-ai y 3 (Al x _ s G 
s ) 5 0 12 : CeSL 411^4^14, ^4^1 Re 3 Al 5 0 12 : Ce5L SAls)fe ^2^^# 451 $14. 

4, 0<s<l, Re^r Y, Gd, La«*IM 4^^r ^51 <a4 0 )4. 

31, 44^5] 444*HH^, 44444 l£^47l ^Sfl $7} ££4^4114^4^, 44 0 l^f- 44*1 4-71- 
^Tll Si^A] <^lSf-^ ^^-7} 7>l-e|-^(gadolinium)A5- ^14eU, ^S. *144°1 4* ^11^^*114 *fl2 

*§4*ll# 4 4£ $14. 

3-?) JL, ^H-Sl 444*H $H 4 #71 44^4^1 44^1^51 3137} 400nm°lH 530nm 

i -S^sU, 471 S£4pH4^4*I|s1 ^4444<>1 47l 44^4^1 ^_Msj±4 SMI ^Jl^fe 443 
44. °H 44, «W1 4* 5l43*-3 44*14 4 $14. 

31, 471 44£4°H flo^X], Sfl# jot it-g]-^ ^44-§- 31451*]]* i4«M 01^.0} *1jL, 

47l ilJfm^M7}, olEf.6^^. 7 }^>|| ^4*H fl<>H olE^.^.til^..7>^7fl ^^121 Al^l <& 

¥-7} Gai 5l*(| Ga : AI = 1 : H*| 4 : 63 Hj^o] sjs-iL zie) jL «lH#-<ll;^l^-74Wl ^431 

3 <U47r Gdi Y : Gd = 4 : 1 «)H 2 : 33 ^^^fl t^l ^1^=1^1 $1tt 3H 3 44344. °1 

f XI i£-f-^lM14^f ^ i^^^^, S^^SAI In* ^^f-Xl*E^ll» 7Mfe ^ 

^4^1 *44fe ^-21 444 i-f 4 ^^14h-S, ^4£#0i-4ai:)* * ^ $14. se, 44^°i ^44 

^^1°1 ^^451 z^o\] °)4 4^ ^-^^ (color rendering)^ ^^°1 ^31, n nfl-f ^ 
444^1* %W $14. 

44^ H^^Hl 4€- 444^m, n H44i 47l S£4 B M14i^4^11- 4?1 44^47} ^^a, 

nel 3. n ^S4(one principal surface)^ 7)151*1; s^o] -a^^ o.s. 4447115. S<?1 ^14 44^4^1 ^44( 

optical guide P iate)4 4^144 4?1 44^44 44 A 1?1 44 47l ££-f-pM14^^ 4^114 ^444 4*11 ^4 
fis 41:^ 47l i44^1 471 £ »^4^ 4^^s 44. 

4^ ^ 41^] 4* 444^1fe, ^ ^4^^! 47l 44i7}4 4^1^31, ^ ^a4i 47] is^ifl 
^ii^4^7r -M^lsl^, 47l H 4i44 7)1514 i'S 0 ! -g^i^AS. 444^5. S4 tfl^= 44^4^1 51444 4 
«1 4^, 471 44^7>7> 444 44 51444 47] iS4 D 4H4^^4^111- #«11 ^4^1 313- 44 ( >l 4?1 £44 
51 471 <ilW?H^ »^4^r ^4 4^ as 44 

31, 44^31 LED A^14^1^, 44^51 #^-^l# fflE^^^tfl^ LED i^l^h °] LED AA^ll- ^ 

i^i isO <sl e| on 44 44^1 71^ 44^ s# 4«144. °1^°11 ^^fl, a^^l &*\7\ 7>^4^-, ^ 4^1 4 

51- ^<a^-^l tils^ A^^LED 7)1^ ^ $lr}. 

44^5) <a^E)H 4^ ^^1^, ^if-5f e)H44 7Mfe 44H-2lS(mountlead)4, 

471 44^-elS5i ^ iflofl ^^31, ^421 ^^<*1 TiVfrE-Bj^cn ^7l?iAS. ^44 LED ^4, 

«114LED ^51 4« 0 >51 ^7|2j 0.^ ^4 A 14 91^1-21^.51-, 

471 LED ^4 44514 #7l 3 iflofl ^4 a^47l4, 
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44 4£-S-3a4 ?^4, % 7 ] 44-4 ^4 ^ LED ^4 444 4444 ^44£4 £443, ^7} 3.^ 
^a°J LED ^4 444^ 7M^ 44 44i^l XH4, 

44 LED ^4 44#7)144#4S;*I143, 44 3.^7^7} Y, Lu, Sc, La, Gd 4 Sm±£ 4^-44 ^4^14 4 
44 44S 444 Al, Ga ^ InAS 4444 J3.1-°114 4^ 44S 440] = 4451, AjfAS. 

#444 71-^4 ^4^is 4444 is^im-a^^* ±44^ a -a- «ls 44. 

4444 44 44£S°1]4fe, ^71 1-11^^^-^1171-, Y4 Al4 Sfsfe 4Sf-4444"7}47ll W 

4» i44fe 44 44444. 

21, 4444 4444-2-^44^, 44 iS^KMi^^S H44 (Rej_ r Sm r ) 3 (Al a . s Ga s ) 5 0 12 : Ce 
S S44^r ^§44(4, 0<r<l, 0<s<l, Re^r Y, Gd«fl4 4^4fe 44S 444 <r£ $14. 

3i, 4444 44 44"-£H°Hfe, 44 £S^f444i^4S 0344 CY lw Gd p Ce q Sm r ) 3 (Al x _ s Ga s ), 

i2 S i44^ (4, 0<p<0.8, 0.003<q<0.2, 0.0003<r<0.08, 0<s<l) 4444 444 ^ ^tj._ 

^444 4444 SH^H^ 44444- 44^ 4^o S S444 flSfl, 44 iE^ltH^i^^7>, 44 Y 
4 Al-S: 31444 4444^ 4S £44 4a 2444 4fAS 4444 4S#-4444-74j!4 f 444 £4 
«R= 34 44444. 

4444 44 44A£i4^ P^^S 44 4** 4«fe 4^AS r£^*V7l fl^4, 44 £S^444i 

^4*llS, 44 444 (Re w Sm r )j (Al x . s Ga s ) 5 0 12 : CeS £44:2(4, 0<r<l, 0<s<l, Re^r Y, Gd44 4 

44fe 44s <yf^i4.) 4s a^o] 4^ 2444 444 $14. 

<q 44 t^o]±B.*H^ v}&7}7)£. 4444^ 44^ 44 AS ^444 flsfl, #7l £S^-4i-114^ 
44S, Y 3 (Al!_ s Ga s ) 5 0 12 : CeS £44fe 2)11^444, ^44 Re 3 Al 5 0 12 : CeS l4slr^2l 

4*ll» 444 t£ $14. 444, 0<s<l, Refe Y, Gd, La*IH 4<3<4fe ^o]^ <&&6\t%. 

£4-^3 ^ 401^.^1^^ v}&7}z\3, ^^-4^ #7l iM^plvilAii^ 

* »*Kr «l*fl Jl#o] ^4. ^4(#H-f-7fl4 3.1%^ l^-Ai^lfe 

^lfe 7H^-* TS*M?lfe ^H-^fe 4^^1-4. 444, 4# ^ 4 0 lj£-H°ilAi^, ^ 

*4 ^ ^<a^-* fl«fl4 471 t4i4^1 ^4 ^4^=jial ^-MHt- 7}a1^- ^«flA| hih^ ^444 4 
00nmi4 530nm ^fltflofl i^jsU, aej 3. ^7l i£^l ifl^i^ #31^ ^1-^44* 47l 44i7l-fil ^^.4 
£LS_4 4711 -M^4fe 740] 4^44. £| 01^7)1 fas*], ^^-^Hl ^44 44 44^7}7> ^44fe 4iL 
4 =fWE£, S 4^11 t°11 -2l«il 444 444^ ^-o] t^i4^ SA>s)44i Hr^-^H ^44^ » 
^4(4^-^°)l^AlJi4 444 #4 «W47} 47l m^). »14 4°1, ^4^1 4i «fl 444 44 ^4 4 

3 ¥4 3 i 44 445H 4 Jl#^ as 444 4 4tI1 44. 

6 14, £44 ^4^4 4^1f eHI- -M^*>4. 

£ 1 4 44 4 o lAH(i00)^r, 44s-els(i05)4 44-s)A(i06)l- 51^4°^ 44 4°lA^s., 44s- 
51^(105)4 ^14(105a)fl°)l 44^7X102)71- 4^14^, ^4Q05a)ilH 44^(102)1- 44^4 is 
^4114^^4^14 i44 ^44(101)7} #44 ^1 ^4 4^4°1 4444. ^714, 44^(102)4 n44 

4 4 P 4444 44 44S-5}±4105)4 ?14-e]H(i06H 4 C >H(103)1- m] ^444. 

4714 4°1 4-^4 44 4°lA5ii §144^, 44^7}(LED ^)(l02)<fll 4*11 444 4(°14, LED4°14 4) 
4 H47K 5i^44aoiH 444 as^l44^44« ^4^^ led44 4^ 444 ^4* 4^^17Jas 
4, it£^444^43l7l- 444^ ^44, ^£^^144^^4^114 44&4 #?14^ LED4°1 4^4 
°1 4^144. ^ 14, 44 4°lAH(ioo)fe 44^4(102)7> 444 4 LED44^r 44°1 4€r 4s 4^44. 

a, S 2i SA14 4^ ^ 4<« 44 40UJES, aHa1(204)4 A4°ll 44i7>(LED^)(202)7> 444^, 44 
ji^MI i44 5£S-^4i-114i 1 S4^11-i44ia^7i|7>#4^i > -s4 a^^(20i)7> ^4°1 4444. 444, 
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ft*4i4(202)fe °)1*43 Ag# 4434 <>114343 ^l^fl ^3 3L, *fl* ft*£4(202)3 n4344 P 44 
^4 44 33(204H] 433 4444(205H £4^ ^-<=>1 ^ C203)« 43 3444. 

4>7]^ £o] 4^4 ^4<g ft* xj-o]SLS.o\] 5>j34, 5L1°\ S)HE|-$ ft* 43-2-^4 4*^1^, lEfl^^ 
i"^*^} ft-^Hr S*4, ££ = 3M14i1!3MH 5433 444 LED*3 4333 433 3. 44 

ft* 43^(200)^ 4*414402)7} 4^44 LED*4 ; b 443 4€- *£ #344. 

444 ^£4334^*^1* 434 ft* 43^4 444 44 4^4 

1. 44, ft*rfc4(LED)<>)13 ft#4b *4 ifr^i^H 434 *44^ 444 43 tMI-. 444 44, 'ft 

*^43 443 43 $3., 4^3 ft* 444 7Wi, ^s. -ilsfl ^43 4433^ *4 

4. ^34, 3*3« 434 ft* 43^-^4 W*H 3*il ft*i43-433 44 44333 44 444^3, 
1:4^4 ft* 3)44 «44^r U &3 4ft43 44 444 4 °I4. 

2. ft*:£4(LED)3.433 *4, rjAjj^ 3 ] 7 >^lnl-j7 gfljE AdE|i| 7}32-3 £^o] ^ 
4. 334, 3^3 ^4 333 444 hRt 44A3.3 4-g-ft 6j. 4 4^ 44. dflft 
I;3,i7fl33 *4 -0.^4^-^-0011^-^5*^3.01 ^4 33 443144. 

ojsH -tl^l^Hlll, 23] ft* 43^-^, £1 £23 £34 ^2* 7}3^ ft* 43^3 SU^H 

4, 7}3*ifl33 *3333- 3^3 ^4 34#t)144^t4£3-I- 344 ft*^44, 433 i£4334^* 
« 34 43-^-3 44. 444 ^3£3 ft*4 4 $13 4^, 434 x\~%.<% ^ ft*s^ 344 4 
^47> 34^ 4x4 434 444. 

^m^a ^§*33 4443 *-§■ 4443 44 4*44 ^437} 4443 *4 444 

3 4443 *4 4#4fe H^SMH 3*fl ia*SL&«l S^-HS, 4ft33 ft* 40] 05^^ 44*<q ^ajj^ ^ 
*3 7^4 44443 4£3ft*^4(ft*ii4)«-444fe 44344. sl, nfl£3 ft*^4» ^144^ 
4°1 44^44. 

d lsl4 ^4£43l4J£:*flft*±44 2:4«fl^l 4447li ^44 i£^1^4^*^s.fe, 

1. ft*£4(l02, 202)«fl ^ 4 ^ <4 , Efl4*3 4 30«H1^1 40«Hl 44^ 44 *°H ^#3711 
7j-i5i * xff|«n 4^14 41 4 ^1*4 °) 444 

2. ft*£4U02, 202)^] 3^11 <^7l^JE^-, ft*i7l-2l ft*AS. jt-fr^ as. ft*4fe 4 4*1, 6 ]44 
^4, 444°1 44 ^4^1 ft*A^ si-ir^AS. ft*44 

3. ^4711 *4 4^3^ 3^4, ^TH-H ^4tI1 44 ft*4 4 5ilfe S. 

4. ft*£4Q02, 202)^)1 433°1, sfl4 ^4 ft*^14 "413 ftli 34 45.^43 ^44 4ass, 4 
£44 °1 4x4 4. 

5. 44 ^4^113 443# <£4^as3 sls. ^4^14 4 Sife 

6. ft* 4°1^3 444^1 4-S- °1 5l^r 4 
^3 44 ol A^€4. 

^4*am 

44ft^°ll 4^-4^1^^i3 ft* ft**^ 3Li^4^H^4 7H4 ^^^1 ft*°l A^ 44 

4f-7)l4^-i-4£^l4i44, 44t)1 ft*°l A^<& iS^Ml 4^*^11 4 ^If-AS 4^44 7^7ilS£^3i- : il4 
4^11- 2:4^14 ^°14. °H 44, ^4^1^^1113 ft*4°l^°)l Si 0 !^^, 4*^4(102, 202)3.433 
ft*4, =1 ft*^! 3«il ^7m SS43t)14i^*^lls433 4^7)1 ft**43 4^H1 3^11 ^ Aj |7)l ft* 
6 1 7^444. 

a, 443^^13 ft* 43^-H.i 444 *\m<L3, 4^44 7>^I Til S£^4114i^ 4^)1 m*^ « ifl^ 

4 7I-3 2-3, 4*^4(102, 202)343 4#4 7>3^-c)i«5i jloHu^xI*^ 4^4 n -5-4°)13 ifl£3 sa>4 3 
4°)l£ ft*^3 ^^!44 ft*3^3 347} *fl4 34 «1^*4 ft*4 4 $14. 

34, 443^10)1 4^ ft* 43-SLH3 4 4^47lli tflsfl 443 4^44. 
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l&iWm&l 44 tM£s.6n 4-§-s)fe S£4444^44^r, 4£*ll 444°H4 444 7>Al^-4 ^Aj 
oil 3*fl ^S^, <^7l^ 44 4?- 444 7}7]±= 44 444^ iS-f^l 44^4^1 4- ^^lic ±S4 
^l^i^fe Y, Lu, Sc, La, Gd ^ Smi^ 444 ^°\^ 44^1 4dt4, Al, Ga 4 In44 Ais]£ s> 

4^1 4^4 ^44^, 4«AS 4444. 7}^?H#SH4. 44^0(14^, *I431S, Y4 Al4 lt*}Jl 4«"AS 

4444 0 lSf-^^lw-7>^^l ^44, a^r 1144 (Re^ Sm r ) 3 (Al^ Ga s ) 5 0 12 : Ce (4, 0<r<l, 0<s< 
1, Refe Y, GtHH 4^£l~ir <M4)S S^fe 4°1 4444?ll4444£ 

3|# °]44 44^47} 444^ LED44, Stq44(body color)7> 444 ££4*144^4471- 444fe H 
^^cl ji^^^fl oj^ ^4-, LED44 ^44* ^W") #34°)1 44 4313AS «]4?il 44 #§14 4 44. 

44a]^eHH $1^4, °1 i^^M^^fe 444 44 4°1 2^^1(101), 3^4(201)1: ^44^ 

4*1(44 ^44 444H1 4444 444 4 $1ahs, ^44^3] H^^M- 5 ! 4444°11 *fl-§-4?H 4*1 44 
4 -&4«14, afe ^4(105) 44(204) AJfoflsq 4444 44 s^4as#1, #4 4°1Aas1 ^1- UJ 144 
£444 44^ 4 -a^s 4^4 4 44. 

4^1 3t£4*l 44^ 4^M 44 4£fe 4444 444i£ ^44 44. 41 »H, i£4^4il4^4^l7> 
444 2^44 4^44^1 £3^414 44^4 4 as SS-f-nM] 4 ^44^1^1 4S4£« 4^ ^4i^, 3 
4*4°114 4*1 Afe 44 4^1 ^44 4 4*1 4t11 4 4 44. 44i ^4 444 4*14 4 44. 44, £S4*1 
44*^431*, 44^44°141 I-h^^ f-<q a^^As g-i^-£7} §44^4 44€^as43 
4 444<344 4711H4 44^4^4^ 24 7j-<£ ^ fi ci ^ ^ £j=^N14 
^44 3 44« ^^14 4 $14. °144 ££44 1-114^44^ ^i^, ££4^14^431* 4444 4^ 
, ^44s, ^i, ££4*4114^4^ H4, $*K£ 4£ 44 2^44 3H1 m) 4* 4£» 444 4 5SU, 
^4 4°U^ 44 S4 44 4£4^1- 4^4 4 44. 

■^xm 4 is] i£4 B l 44^^44^, 44^4(102, 202)4 34t14 ^ 4?ll a4 4£(Ee) 3W- 

cm" 2 <^14 lOW-cm" 2 c»14i4£ Ji5:^:4 444 44 A ^* 71-44- 4&M, °1 S4^1» 444-5-S.4 444 4 
4 ^-44 7>4fe ^4 4^U^-1- 4 A J4 4 $14. 

a, 4^1^Efli5l ^4^1^14^^4*11^ 71-^^ai- 7Was, <t, 4 ^ 44i ^j-^ji, s.3Ai44 4°1 ^7l 

itijE^ s] 313.1- 450nm 4 4 44. 2, 44 £3B°H44 4 6 1 580nm 4e°H 4 ^ 700nm4*l 

#olHfe #4 ^4s^4 7>44. -4^-1^ 141^1 S£4^4il 4^444, 4^ 4°fl Gd# 444 

JL3.4 460nm -4 ^ 444^1 ^H4^ ^7l^-4s:#4 4 SJ.4. Gd 444^1 44 $3. 44°1 

444-^s °l*43i, ^silsi 4444 as ai = e^4. a ^n>iij)|^ 444 °1 4^4 ^4, Gdi ^ 

4 ^1444 4el^r 4^4 4 $14. 44, Gd7> ^7>*H1 44, 3 44i ^14 3L£^pM14^i ^fls^ 
^144^ ^4°1 $14. 

4*1, 7}^ 4i£4 ?4fe YAG^l 44-^14 ^44, Ai^l ^41- Gas ^144^3.^1 4444°1 4444 as ai 
=s^4. a, 2:4 ^ Y51 Gds ^144as^1 4444°1 4444 as ai = e^4_ 

SH ^4^1 (Y^ a Gd a ) 3 (Alj-b Ga b ) 5 0 12 : CeS it a] h| ^ YAG4 ^44^1 2:^4 ^ 44444 444 

4. 



fJEl] 



No. 


Gd444 
a(# «1) 


Ga444 
b(# Hi) 


cie 4^ 4s 


Y 


li 


X 


y 


® 


0.0 


0.0 


0.41 


0.56 


100 


100 




0.0 


0.4 


0.32 


[0.56 


61 


63 


| © | 0.0 | 0.5 | 0.29 | 0.54 i 55 67 | 


© 


0.2 


0.0 


0.45 


0.53 


102 


108 




0.4 


0.0 


0.47 


0.52 


102 


113 


| © | 0.6 | 0.0 | 0.49 | 0.51 | 97 | 113 | 
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1© 


0.8 


| 0.0 


| 0.50 


| 0.50 


| 72 


86 J 



444 4 444, 460nm5l <*\7]*\?\ «F8t4. ^, il 2 ! ^4 S.** 1st 100A 



Al4 GaS. :*144 ^-f , 44 £44 44 444 jI^-H Qa : Al = 1 : HM 4 : 6 4°1^ 4*j4^ 4 

ol 442)44. 4§7Hi, Y^l ^^f# GdS *1444 3-f Y : Gd = 9 : 1 <1-*1 1 : 9 4^Hr 

4^3)51-31, 4 : l otH 2 : 3 3 4^44 4°1 fi.4 44*144. Gd^l ^144°1 24 44<a ^-f <H4. 
4^4*1 2H^4°1 44471 t4144 jl, Gd^ ^1444 64 444 34 3^44 41 4 §1*14, 

£7} 4^*1 ^4^4. s-j], 444:43 4444°11 3^4431 YAG7fl ^§4*11 4 Y4 Gd3 "144 Y : Gd = 4 : 1 
<4M 2 : 33 ^^s. 4^4AS.«|, 1443 4S#-4 i ! L *14-4^7fl ^4^1-1- 44«113 4^1 44^ (black body r 
adiation locusH 4sfe B -^43 444 7>44 44 44-£-^# 4Jtt 514. a, YAG711 H4*H 4 Y4 Gd3 
444 Y : Gd = 2 : 3 - 1 : 43 4^44, fli4 444 44^! 444 7>^4 ^ 401 o.t, # ^ 

$14. Ce3 444(344)4 0.003-0.23 ^ 44^3 4^444£* 70% 44-^-5- 

4 4 §14. 4444 0.003 34°J 34i^ Ce4 34 ££44^14^3 43444^3 ^7} 44:34 4£7> 

343^, 4tflS 0.2iL4 71*14 4i4(densicy quenching) °1 ^44. 

444 44 a^3 Ai3 <l!44 Gas 344^^.3 44444 444as aihj=4z] 4 £U, a 24 3 Y3 
H41- Gds 3444 ^ 44444 444AS 3^7=^2] ^ 054. 6\%^ ^x\^a] 44^4 44 

Z^clS. 2:^4 4 §14. 444 254nm, 365nm3 Hg fl4(emission linesMM^ 344 4333 44 450nm 

4e3 ^^741 444:4^-433 led 4^1 34 43JL44 *4. 344, 3h 444 Gd3 a^nH «fl £43 
as 444 4 4 4-§-4i*l] 444:43 3^7)1 444 £4333 34 4433 ^44 4343. 

§14. 

a, 43 H Ajfe, ^44-t^l4^1» 444 444:44, WAS. 4444 clsf-tf^w^}'?! *§4*ll( 
YAG)<=fl s]£44i4 444(Sm)4 44^14 iS4 p 4il4^^4^* ^44^3.4 44 4 0 1^^ 44 £4 
4^1 44^14 4 §14. 

<=lal4 SS^4il4i^44fe, Y, Gd, Ce, Sm, Al ^ Ga^l Qg_3,*\ 44#, ^ 3.4^1^ ^7)1 44# <5 1 ^ 
44#4 4443., =l&& ±%4\ 444-&His. 4^1 *4«M $44s» ^144^, ^44 *4 ^§1 
i(flux)5.^ 4442-4 4^1 44#4 34^4*fH £7H°fl 4714 1350-1450°C 4£^3H-*i 2-5^14 
±^n*\ i4^-4 ^4 44, i^f4 44^11^ 44(ball miiDsflAi ^1^, «bi, 4*14as a|s ^14 
4 4 §14. 

444 ^ 44^ i 51°14 444S-^, Y, Gd, Ce, Smsl «l£fl- 444^-«l°ll 44 4i 4^^^ fjfl?« 
4 44°)H -^-444 5i4 i^sj)^ ^44l"(oxide of the coprecipitate)4, 4444 tI 14, 44444 4 
t^A-i ^1144 §14. 

^SH (Y lw Gd p Ce q Sm r ) 3 Al 5 0 12 5 I£Al£)fe i5L^^4114^^4^fe, ^fli Gd» 444^1 
44 4*1 460nm 444xfl«5i <^7lt4s44 i-a 4 §14. a, 7>i-5l4^1 4444 47H 5^^ t4 ^ 

3 444 530nm°lH 570nm4*l 444-^-S. <>14Al7l 51, 4^1^ 4444^ 4444AS. aI^eaI^ ^ $14. |l 

ziisll4 44 A JH ^4, Gd^l ^1444 451 ^ 4^4 4 §14. 44, Gd4 ^7}^} 44, ^^!4i 
214 SS4 B 4114^5| 44 *l£4 a|ai^ ^-14^4. 44^1, p ^ 0.8 ^47} 44^43., 0.7 «147> i4 443) 
44. t-i 44^147114 0.6 <=>]4 C, 14. 

S£, ^4^1 (Y lw Gd p Ce Q Sm r ) 3 Al 5 0 12 S 3£a1e|^ Sm4 £444 i£4^M14^^4^fe, Gd^l 4 
444 ??M?l£ 4i4^^1 ^141- 4 §14. 4, Sm4 44^1 44 2.4^1^1 <3l is^H^i^^- 
sflsl 44*l£2i t47> tfl^s 7H444. ^ 7114214 ^§£4 Gd 444^1 44144 ?144 4*1, Gd 444 

4 ^74W-i i£^inMi4ioi ^ Ajj^^i 7l# Jf^4 244 7M^ ^4^1^, 4£4^°1 44*1^5, S 
m4 44^1747.-1 -2^4^ 7 flAi44 44. °^7l4 44^ 4£44°14, 450nm ^^4°fl ^4 44(25 °C)i 

<^7l44?l-£ 0 ll tfl^r, 4<il ^4^1^1 3L4(200 o C)<Hl4^ 44fl£^l 4tfl^l(%)» 444. 

Sm^l 44^= r 4 0.0003<r<0.08 ^44 44 44^42-, 4^4^ 4 60% °14— -5. 4 4 §14. 

01 wi 01 ^4 r oi 40.4, 4£4^ 7H43L471- #4^4. °1 ^fl.a-4 r°l 74^4, ^4^^ ^1444. 
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2, Sm2] 444 r4 0.0007<r<0.02 334 33 3 443 4^, 333 3*1) 42434 80% 3422 frS 

Ce3 444 qfe 0.003<q<0.2 333 33 443 4^, 333 331 4*1] 443 2S 70% 4 4 $14. 

333, 4344324, q="0".033 9433 44 32S 1003422 H4 343 44fl2S 444. 

Ce3 444 q7} 0.003 34<3 ^441^, Ce3 34 22434423 3344433 47} 4^43 3^4 ?| 
£7} 3432 432 0.224 334 4224 ©I '344- <^7H, 42 if^lt, 9433 #]2S 4^13 33 % 

333 42S f?M?l 34 3^ £|33M43 42<Hl4b 44427> 343 b 34 444. 

44433 44 4°l^i^l^, Al, Ga, Y 51 Gd4 Sm3 4443 4^ 244 343 (Y a _ 0 _ Q _ r Gd p Ce q Sm 

3 ai 5 0 12 2243342943S 4433 444 42 $14. 33 44, 9431 33 rgb 443^4 *1 4 

Si3L, 333 3S1:3 44 43S 3433 #443 32343 (full-color liquid crystal display device)422 
344 $14. 

(44^4(102, 202)) 

4424b 21 £ 22334 43 1-^433 343b 44:2144. 444^2} il:^ 43-^3 443b 
4427Rr, ^IfAS 4344 7B13943S st^s 3334 4 ^ 444*344^423 3 4. 344 

■f-Tll 444423* 344 44 24(102, 202)^, MOCVD^ 44 3433 7}4 43 InGaN 43 344f"34 

23 S 444A2 9333 3434. 44^43 422^-, MIS34, PIN 34, 2^- pn 34 44 7 r 3b ±24 
2, 2fe 34*M242S i- 4 $14. 4231^3 324 ^ 432i 44 4% 44* 337M 43 

4 4 $14. a, 423 43*4 44s47} ^4 322 gj=3 944 414441-424 444441422 4 
t£ $14. 4*1, £-44933b, 44^7]-^ 4344 InGaN3 41444 Fss 4^4, 22^-33429 
443 144 SU. ^4 s^££ 444b 44 tM.fi.HS 344 4 $14. 

14443441-4231- 444 34, 42*11 3422fe 4433, ^44, SiC, Si, ZnO 43 ^af 444 
*r $134, 133 #4 144»4 93*17171 3*il4b 4433344 444b 44^44. °1 44°l 6 "l7l 
4 4^1 GaN, AM ^ ^31^4 fl-«n pn ^44 ^34^4 ^44f-4£^144 9344. 144431 4:^1^, 
4*#4 £=4^1 ^4 4b1H1^1 m £434 44^4 444, 443:44 44*1 ^ 4 44^ 43(?fl^<H4 
i 4)4 7>4fe N9€4444^11- 93471 SWfe N9 E4SS.4 Si, Ge, Se, Te, C 44 ^4^1 £H4^ 

^o] 4^-2144. 44, p9144f-4E^ll- 934fe ^4°114, p9 E4S4 Zn, Mg, Be, Ca, Sr, Ba 44 3E = 

44. a, 4444^1441-4£^ll^, p9 £4^4 £^4^ ^ 4as^ p944^1 ^^es, P 9 s4s 
i s(furnace)^ ^4 7>4, ^447}4 244 #4^4 24 4i 4«il p94*l7l^r ^<^1 44^44. ^ 
£)n p9 ^ N9 14444E^]5l a44 tt^ia 4, 4 42^14 4°H 2s|e1^^ 2fe 4^44^ 44 °14*fl 
*1 44fe 94^1 4 444 9344. 

44AS, 4714 4°1 934 42^1 ^1«14 44, 4°1^2(dicin g sawH ^1^1 zj^ * 534^ 44 ^ 44 
4 44424 ^4 44 7>4^ 44 4^1 4^ 4(42 51)^11 21^22 42^ ^<>l^l- 271m 4^, 2^ 44^1 
4°14^4fe°l 44^14444^ 224°lwl <1 ll ^ 42^1 31°|3H nfl-f 7}^44 224°124'?1(^4)4 

^ISl-ol 44424 ^2 n4 4, 2l?li 213(1 fllols|l- x}2fe 4«1 44 cl-g-sflAi uT-2^11 ^1 °1 ^ « ^1 9 ^2 ^4 

4. 6 lt7ll 43 144#31 44442^)12 oi=Loi^ 4424s- 934 4 $14. 

4439^1^1 44 4 C, 1^°113 4437m ^4^1^, 224^M14294^14 5 1 2^4^14 43^1 

«4 44 n3l^7,-l 44271-21 ig-4 444 400nm ^13- 530nm °]42 434b 51^1 4434^., 420nm °14 4 

90nm «142 434^ 33 °1 24 44344. 44^44 224^1M14294^143 3:44 4424 44333 
^^13b, 450nm 34 475nm 34^- 434b 33 43- 44344. 439^i°ll 4* B J133 44 43^3 
44 23*2^3 lis 24i 2344. 33^1 334 44 43^b 213 234 3^4^22, 4#4b 4 
3313 4427>4 2243^14294^114 344 334. 333, 2433 450nm 4^-3 32S 7 r 3^ 443 
44242433 443n, 570nm 4^3 32S 7>3b 443 4424^1 3«ll 334 22433423 44 
34. 

2, 213 444 9434 32 44 465nm4 34 led(44^4)1- 244 333 44 43^-^33 444 
4 $lb 33433S £163 4444. 3 343 44 434-23 4434, 33 led 343 3^34 943 3 
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43 3£34 31^ 3*9-3 337H 334ss, S3 (D-©3 44«fl3, 3£ £4 §443 4^34 

333 3(£1633 91^^ «^)^ s ^ 33^t 4 $14. £174 333 <£4 43AJ=3 343 44^* 3434 

4 "13 4433 44^ 3<>14. 333, 3433 4444, 5^43 444^ 433 ^4 ff^Ii 

4444. £1733 4 4 $1^3, 3433 44 434 3433 4433 ^343, #34 ^Ajj LED oj) 5-^44 
444333^, 3333^ %± ^*m$= 44^43, %%nm <W133 gi=. 44^44 43 A> 

44 4£ $14. f^lSfe, 343* 3334 ^ ^ ^4#314^#4£*I14 44A43, 3431 443A 
S. 33333 444<>1 44 3, 44 443v Hli, 44 «li 4 EEfe 34 4434 3 43 44^41 
43 3344. 44, 3431 33333 44^4^43 4^3 3 44, 433 4433 &3 3 
4s 4*44. 443, 433 44 7144 44 43A£S 44 4 $14. 

34, £1 5J £23 44 43A£3 41- 43A4:3 tfl^l 4344- 

(£43 433(103, 203)) 

£43 333(103, 203)£4 44^4(102, 202)3 4443 A33, 333 343, 434^4 3 t^A^ 

3 #4 33 A444- 33_££Sir 0.01cal/(s)(a>0(T;/cm)343 4434A £4 44343^ 0.5cal/(s)(ca0( 
°C/cm) 3434. a, 4334 ^344 £43 3333 3^4 10/mi 34 45pm 34?1 44344. s-3, 343 

7} 444 5i^44 4£43l 44 411 3si 44M43 434£, 3£ 443 34371 4343 4^ 1*84 
7)143 43s 3«B -=il- 3433^ £43 4337} 4433 34. 443, £43 4333 334 25/an 343 
iL4 4^-3)43., 4443 31 34 4°13 443 3 35/m 3471 44344. £33 4333 3llS4 4, 43, 

34 4434 44 44 44 ^ ^*3 4^ 4 4 $14. 334 33, 34£S 3434 £43 4331- 34 
4AS3, 43343433 33 4 44^43 444, <J13-3h 3 44£-3^# 4°143 344 4 $14. 

(44^-3 £(105)) 

44^-3^(105)^, 34(l05a)4 3-^4(l05b)s 3433^., ^4(l05a)3 434343s 44i7>(i02)l- 
*3|¥7H f-44 334 44. a, 443 44^4* ^ 43 4343, 44s-3£» 44^43 4444A5. 
344^ ^434, 44 a>44^ 347} $li>_ss, 443 444 334£4 S 43333 443 ^ 

433 A444. a, 44H-3£ 43 ^ 33 44^4* 31344 *33 ^43* ^ 343 *f433^ ^43 
^r, ^4^11^433 4°1 -^43 (isotropic) £S 4*344^ «fl£, ^3 3«ll ^44 44 as. 443 es, 3 

334 4^ 44 43AH5.433 43 34 34 3^4 434 4 $14. 333, 34 3434, S3 334 4 
s. ^ 43£^3 434 4443 ^4£ 444^ $lfe 33 e j Jiolfe 444 £44. 

4 44^ as 331 4AS3, £43 43343 434 4£4 4333, £33 3 6 1343 344 434 4 
$14. 33-3£3 £34J 33333 34443 2:£fe 443^ ^3*13 1.6S 34 10S 34s 434^ ^3 
44344 

443£fe 44^ f 43 3£4 344 «144 4^^7R- 44 °1433 334 4 $14. ^4 43'3£« 
4^3 334 4, 434434 71433, 444 443 434 44434 ^34£4 4 4£ $14. 

SE, 33-3£4 £43 3333 4*3333 443 343 3 434£43 *4 33 A444. 4333 43 
34As^r 300pa-cm 343 33 44343-, A4 44343^ 3iiQ-cm 3434. 34 ^44 444^ 3ss. 
4, 4, 43, 44 34 43, ^34 <34 4^ ^ 43, 4 44 £44 4434, 4, 43 44 4 4 $14. 

(5i34(10D) 

s34(l0D4 4£43(104)4^ 4£S 44^-3^3 33 433^ ^AS, 44333133^ 44^43 
444 ^433^ iS4334i34^7> 444 334. 3^43 433 3ss-4 34343, 43443, 4 

35 44 44 3433 334 43433 43 43 3444. a, ^£4334^3433 43 4434 443 

4 4£ $14. 4334 443s^, 34444, 4434, 444434, 444i 44 444^ 33 44344. 
343, 343* i33^As 334 34, 3^4« 344 4£ $14 3 34, 4434 23434 34343 
3441- 434^ 3A5L 43 a37l 7144 44 43A££ 44 4 $14. 

(4-43(104)) 
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l-H^Q04)fe, 44^4(102), 4°H(103), lEf li-^Ji^fl?} 444 51^4(101) 44 ^1 4 

iLJiSl-ir 7144 7>44- ^Al^Efli^A^ #H.4t|(104H ^HJr^l* 3 444?!^ 3W 4434:2., °1 
^ofl 44^4(102)343^1 44M« ^ 444* #?M€ 4 514- a, #HJ?-7|(104)fe, * 

4 442-^11 5H4 44^4^433 44* ^4^17144 44^7^ 71** 7>44. 444, 4*11(1 
04)^ 44 44fe«J4, 4°VMfe 44 *%4*M 1- i 44^444 ^#4 44 5=44 

^sls. ^44. Hi, #^-7}](i04)fe, 44 4& 44 344 ?as € 45L §14. &^4*!1 (104)^1 4^)1 

3 All^i^r, 4^ i^Al ^X], 4^1444 43€~ 44 ^J^l} ^ Sol 3444 

. JE, SKMiSir 34444 4434, 444434, 4444i 44 344 <r 514. 343, 4443°113 ; 4 44 
t)14 t-143 #JEiJjMl ifli ££4334^4^14 f-H-A]^£ 44. a ^^«Ha^, as^-nim^i^^^ 
S^Jfi 4434 ^£ 5431, 4^4*11 tfli 45L §14. 4^4*H iS4334^ #*HS 443^- 

5-4 3444 4 3711 t 4 514. be, a*l44 t--Jf 7fl a-^ofl 443 4^ 44. a, 3^4* iS4334^ 

444 SkH, l-S^-7111- 4^ ^4 43* 34*113 ^4 ^ E 44. 01^7,1 4^3 

4 44 43 344 33 4fe 44 4°l^Hf ^4^ fe7 fl 43,4 ^ 014. a, ^. £o j| 444^ ^4*4 44 7l 

3«fl3 #^7H4 51^4* 44 Jf AflS ol-^SflA-l ^4 44. 444333^7 #51^7H1 4434 433 

t- 4433 0.33, 44 444 444 4 ^§4*13 434 44 4 5U, 3 £^4* 4434 4 514. ^, ^^1 
44 334 4 33 344 4433 ttslJi, t^s 4333 Slfe ^ ^4, t4 

€ aha^lfe T fl ^l°-s, zHW^ €4fe 4^!^4. °H 44, ^ ^^^l^l a_bo] 

^5)^1 «:^4. cl^oi, ^i^-ai] ^^4^i-oi 430™ o)44 ^-°r°11^r ^4^4^^ 4^4*-^^* 44^1^1 
%°] iL4 44^144. 

<Hmn24\ ^ 4°l^-Hi *H-3fe SE^im^iStf^H ^*fl 4^11^1 41^44 4^-4 £4. -^1*1312 
fe, 44 iS^H-aiS^s i^o] 4= 2#fl- °14^ ^lf-As. 4-^44 is^^l^^^^l 
4 4£4 ^J* ^1^144 ^^1^^14 ^^«>41 ^sU, ^^^1 444^^ -^^1^^14 ^^44. 

a, ^^1^^14 447M5., i£^lvii4^^^i4 ^si- ^7}7\s. §-e) 
44 ^44°1 ^J7lfe ifl^oi 7j-^ s-aj^. ^ ^oi^Hofl j?-^^ ^ §14. oiBi4 ^-a^ iif 
*M14i«All«r 444fe Hfe aLE^im-aiS^^I ^4, , g4£«-i 2^fo S 

^ ^7M£ 2^4 $14. 444 4^*fl2°)4-fe a>4 ^ ^ ^x\^ Z^sl?} €^§44 

. a, ^4^^2<^14^, 2*4^14^ ^4^1« 44 ^^4^^ #35)^ 4-^1 «ll^(i»«°l, 44^ 

4i 71-4* e| ^Tfls *fl*14^ 4)4^s«l 4 §14. 

4714 4°1 4^4 4^1^Efl25l 44 4°l^-^fe, 4 A l*J^l4 447Ms, 2£ 4i(Ee)="3W"-cm^ 2 °14 1 
OW-cm" 2 ^14^1 «1^ 3i#^5i ^^44 nfl^i4 ^4°fli 3.SL4 d l-n 44-^4 7>^1 

444°1^h-i- + $14. 

4^1*ji5fl2i 44^1^ aii^as o]Es-.<y-i=Lx.i^.7l-47]l ^4^1(YAGt11 ^4^11)fe 4^1^^14 447} 

4^ 71-44S* 7WE£, 4 ^ 44°11 444. si, 4-^3123 ^li= 4-44-^1 4-74jWl ^4^14, £5A^ 4 
44 4°1 ^7l ^5fljH^^l 2131- 450nm 4^°ll ^^4 4 Sis, 44 i^S^sl 44 ^31- £5B^1 44°1414 
4 6 l 510nm t a!^, 44 700nm4^l #^#£4 JS.3.^47ll 44 4 $14. °1 

?H ^1«11, 4^^1 444 ^14 4 514. a, 4^Efl2ol 4s 4*0.3. <>ls#-^:^l^-7>^^ ^4^1fe, 

^7l ^4E2j si 3)31- £5A^ ^144 4°1 450nm 45-^5- 4 4 51^, 44 44 £5B£l $ 

44 4°1 600nm Jfeis 4^4 4 sa^, 44 i^)HBl4 750nm4*l ^ ^ #<^ll-£4 «sn47ll 4 4 514. 
44°1 7>^44. 

7>4^-S# 7>4 YAGTll 14^1^1 2:Aj ^ AJO] <||U. S QaS _ 4440)1 44 4^ 440I 4444 O.S. Al H EE| 

3., Si ^ 01 ysl <iI4# Gd 'g/Si^ Las ^144°11 44 4444°1 4444^s ^^44. A1 «q GaS oi ^4 
4, 44 a44 44 444 3i3l4^i Ga : Al = l : l <^I4 4 : 6 o] 44^144. 447Ms, y^i <a4* Gd S/se 

LaS ^144^ 44, Y : Gd La = 9 : 1 °1|4 1 : 9°l3-, £-4 44^4711^ Y : Gd La = 4 : 1 <fl 

4 2:3 ^14 ^14°1 24 44:4 ^4i^r 4^44^1 714^ 3^44°1 #^^4. a, 64 ^4^^^ ^^4S-°1 
4^4^14 fl£7> #^§1 71444. 
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^S-14 iS^KM^I^lfe, Y, Gd, Ce, La, Al, Sm 4 Ga^ 44#, S^r jL4*H ^4 444°1 

5)^ 44*4 444-4 ^14 444€-Hl5 44*1 -E4^M 4St £fe4. 5fe, Y, Gd, Ce, La, SmS) 
4^-fr 444^«H 44 xtofl -g-^flAi?] 4^°4ir <HH*i ?^5Q ^*(M £4 *^44#4, 4444 

*14, 44444 44*M 4445-1 <£fe4. ^7]<81 H^i(flux)SyH 4442-4 44 44 4444 34 44 

£7>q<H] T#3L, ^7l^ 1350-1450°C 4JE^$|4M 2-5*1 4 «fl A] 4^44 <S4 44, :t^44 44<>1M 
44(ball mill)«fl^ ^14 44 32, nW^iS *fl5 *H *)144 4 &4. 

444^2oll at^ol 4^ 2f? r ^40) ^If-iLS 4*<344 ^4.4444 7r 441 tg^i] fe , 445)] 

^ 444 4E- $JU, 44 ^l 3 !^ BpK^l-l-^ 3fO*IH a}-§-4 451 514. 2f^r <>14^ ^ 4311- 44^41 
4** 34, «15L3 444711 44 A J #711 ^4441 ^41: 4 $U, 244 44^1 ^4^111- E^as 1^14 
34°im 44^ ^14 ^4^1 444^s, ^ *o]j ^2^4 4 4 $14. a, ^4^1# 44 
444 34, led i44 7>44 4i 44 a.4 444«HH ;J44447l 414 ^4^11- 4^14^, 4 
<H4 Si ^fi4 4444-^H -14-44471 414 ^4^1* «fl*14fe 44344. <W1 3*fl a43As 
44 ^ 4434 4 524. 

344 4*1 443^23 44 43^.^, ^44^53 233 4# 244 343 3^4-4434-74j!7ll 
*8#*ll# 444^ $14. 443, 44fe 4434 it^lis 4434 4 $lfe 44 43-S^i 4^4 ^ 514. a 
, 4^^144^471- 444^ 43 44 443, £-6°ll 234 a«£ A333 B33 3-^-4 443 334 3 

4, 233 4^ 2*4 343 °1S4- 44^1 4-71-'$ 7)1 ^§4313 3£-3(C3 ^ D4)*?l £63 A4 B4 C3 £ D3 
its 4343 4433 safe 333 44^4 4434 4 $14. 43^*fl2<>ll3fe LED i4, ^431431-i £44 
4334, 6^4 £E|| S q% ^ £ ^4 

<44i> 
(a^l 4^1) 

44AS ^44^^1 £*14*H tfl«fl 4^44. -£104 444^i 4-^ a^l4^1^1 4^4 ^14 44£°14. 
47l SAl^-slfe, £10i^i4 LED a a] 71(601)4, S4 0 l ^213.(602), 44^1 <>1 ^ 7l 2^44(603) ^ ?fl2^ 
<H44 (tone control means)(604)# 4«1^: 5.(610)5. i »14 6 144. 

•^^Aj, LED 3£XM(601)fe, £lli^i4 4 0 1, £1 SEfe £2<Hl £^4 44 40] i=(501)7l- AflAl(504) 

i il^i^^S Ufll^jl, 4^4 LED 5LAl4;*|S. A>444. ^7]^, A|Al(504)°flfe WM(505)7> ^^1^5 
^^^^ $14. 

4*^5(610)fe, £10^)144 4°1, ^^jslfe a^c^lBli- «Sa1^ o.s. 7lel4fe 44^11 ^1^7l^44(RAM)(60 
3)4, RAM(603)iAi oioj4 ^o]Bli 44 LED ^71(601)^1 44s} 44 4 0 1^» 47IS ^4*l?|7l 

^4 7^124J:§ H-Sn*] #§14^ 7412: 44(604)4, 7ll2:^H44(604)iAi 4=3S|ir 4^°ll 51^11 24l^£l 
o] 44 40] o_cs ^^ A |- 7 ]^ 1=^.01 Hi (602)1- 4 H 144. 7ll2:^HSlS.(604)fe, RAM(603)°I1 71^51^ ^1 B] 
^wn^ LED &*] 71(601)^1 44 4°1^ ^4^144 44«fl^l 4^^1 4^cr 4^4^* LED S^l (601)5. 4^ 
44. 4714 4°1 4^4 i7-)4^^i % &]x\ t led iAi7l(601)fe, 44^15^4-] 4^ 45:i 44 a^l 

Blloleli ^144 444 4 $1^, 444 44 ^l^^l $14. 

4, RGB^l 37>Al 44 40I o_t=s. o]4«)|^ irtAflTil 4fe LED SA^lfe, RGB 4 44 4°l-5-^ 5 l 44 

4^4 21^a1 sa]a]4 4A7> $1^ 4 44 4°l-2-S<q 44 4£, 45L 4^ 44 3L^^-H 4 44 401^1- 
aih^4 4ns, 471 led SAi7l# 4*4fe 4^571- 44«e^lfe 4^1^^ $144. ^14, 444^^1 ^14 
^H414 LED 71(601)7}, RGB^l 344^1 44 4°1^7> 0^4 444^^] 4= nflAjj^] 4^-0] 7 j.^^ ^4 
4°1 iH(50Dlr 44«fl7.-i 4Aj^ JELS . j ^4slS7r RGB^l 4 44 4 0 1-^h.i- 7fll?)As tiH4 4J5-7V &<H, 4 
^sis^ 4 A d4 444711 4 4 $l^i, a^!4^m ^^4tI1 4 4 $14. 

a, RGB^l 37H 44 4°1^1: 44-sfl4 b 4^ti1 4fe led S4 4 ^, 14^44, RGB^l 37pi 44 
4°1as.# 2:4«fl^1 fl 4^ SA4]7l7l fl^fe 3711^ 4 44 4°l-2-^l: 44 44^-1^4 4^^1?14 4s- 

5, <a4^4 a^I^^^I ?14i, 3.^44711 J£a1a14 4 $144 ^4, 444^^] aAi44i 4^ led &x\7] 
fe, 17M 44 4°li^s MflAjj ^14 4 $iab.s, ii4 3L^44?11 4^7jli- sa14 4 $14. c]44 3711 ^1 44 
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44-2-^4 44-°-3 5*1 4fe LED 5*1 4 fe, life 4444 4-£4 44 RGBS] i£4 4o]iHSl 447 r 7 r fefe 
^AS 4444 5*H4 44fe $+7} 444, 444^4 LED 5*1 44 4 fe n44 H4 §14. 

°1M 44 444^4 4^ "444 444 7}fe4 44 44^4 444 LED 5*1711- 444 £4 
Ji4 ^4447} 7}^}JL, 4^4 ^41711 ^Al7> 7}fe44, 4444 4 5i4fe 444 $14. a, 4€444 
4^ 44 5*17} 7}fe4 LED 5*l7lfe, 42)14 44, 4444 444 LED 5*l7H H]«fl 444 feofl tfl^ x}^- 
4 44 444 444 4444. 

(444^4 44 44^4 444 4# 5*1444 oil) 

444^ ^ 4o|i£f A}^fos.<i|, £12444 44, RGB4 37}4 44 40^51 ofl £-44^ ^ ^ 4 
o]±^ |7R1 34 144,3. 4fe LED 5*14* 444 4 514. ^3., 4 LED 5*144 ^44 44431- 3 
44^3.4 447}*14 444 s.*m 4 Slfe 5*1444 444 4 $14. 44 5*1444 4443fe, 

monochrome) 5*1 44 4 447}4 3, ^ 4 4 fe 5*1 4 4 4 4 ^ 4 4 A3 7l 4 4fe 444 4444 4 4(RAM)4, 

RAM°H 444 4444 44 4 44 44-S-H* £44 44£ 44444 44 4£4£# 444fe 4£*)H3 
34, 4£44434 444:&4 44 £4444 4 44 44££4 4444fe £4444 4444. 4, 4 4 
f^c, RGB 4 4443 444fe 4 44 44££I- 44 444fe £44 43# 4££ 44. 4£442]3 
fe, RAM4 444fe 4443 444 44 44A£4 44*144 £4^14 4444fe 4£4£4 4444. 44 
*L ^431 5*1« 4fe 344fe, RGB 4 44 44-^£» ^-t-44fe 4£4£4 4 £44 341, £fe 4£4£4 
4a&4 4711, £fe 4*1 4^4 Jl* #344 44 44. 44, ^5i4 £44£4 (4, 4£4£4 4 £44 #4, 
£fe 4£4£4 4£48r 44 £fe 4*1 4£4J:* *344 &fe ^£4 Ji44£4) 444 44 44££4 
fi^it 4^-44. 434 4*fl led £Ai7l«l Bfl^)4 5444. 

°14 44 RGB 44 4°lisoii ^ 44 4^1 iHf -47 r 4AS«l, ^i P 4^1 4 444 44 ^44. °1* 
711 *H44 4£^ll i^4°l ^4 ^, 7H41 44^1 44i7>s 44t4. 

4714 4°1 *I144 44^7}!-, 4i44 4€^1 44s-5l^ ^Jfofl ^^ai^s 4°14^4 ^, 44^H 
4 444 44^-els. ^ ^IM-el^i- 44 3^1 30^4 444 0 14^I*1 4°H4^«fl^ ! 2l^4<y <q 44 4°l 
iHf 7114^4. 

44, £S^4114^4^1fe, Y, Gd, Ce^l sU^fHIit- i^sl 444^-wls. 4i 4«fl*14 4*fl^ ^4i 
4 4^*l?l^i ^444 i4«f)4 44 4^44*4, 44^:-f- B 1^4 ^443-, °1 ■£44si =^^^1 $44 
^1^4 ^4*fM i7>qoil ^^4, 4714 1400'C^ 4£<HH 3*14 ^4 ^i, n 44(ball mill)4 °1 

4«fl*i 4^14^, feel, 4s, 4^14^ ^ls 4*1 ^14^4. =1 44, iS^M^^^^fe, Y7> Gd 
3 4 24 444 44^14444^.4 (Y 0 . 8 Gd 0 . 2 ) 3 Al s 0 12 : Ce7> ^*j^Si4- ^, Ce4 444 0. 

03^144. 

444 4*1 3144 (Y a8 Gd 02 ) 3 Ai 5 0 12 : Ce ^4^11 804444 °I14*14*1 1004441- 4 44^*1 4^1 
e]S 4431, o] #e^i- ^i^l-7> ¥ <3 14 44S-s|H5l ^^<H1 4S14 4, 130°C5l fe£i*i 1*14 44 ^4*1 
44. 0 l*7ll n*\ 444i*l- 4°11 4^1 120^4 iS^-ni^iAi^^^] 7 i- «v^^ 44*HH*i 
fe, ^4°11 $1^*1 fe, 44^4 4—3. ±£4^4-114^^4^7} *1*1^1 4°1 4isls4 4*M4. ^4 4sfe 4 
3.5W/cnf°14. ^.4, 44^44 iS4 c 4H4i^4^11- $\ 44^, 44 ^ 4*1 a.^4 4^ AS fn 

44-H 0114*14*14 ^4SM. ^744 4^47}|fe, f 4 ifl4 el^eH^^ ^ s| jz. iS = v] ^ 

4i^4^1* i44 ia^43 4S14-?! 44^44 4 < 3«(1*-1, 44-^ ^4*14*14 4^4 4, l50°C«H*i 5*14 *3 
4*H4 tg^^tj-. 

d 147ll ^4 44 4°li>-^fe, 44 44 ^4i4 4 «fl, i£.^M14^^4^^ iL^44°ll 3*11 4447} 
4^14 ^£4 44=1<H S144. 

4*711 ^44 «1^7ll7> 4471-44 44 44^4 ^4, 441- 4^4 44, 44 ^i^fe 

(x="0".302, y="0".280), ^Ifei 8080K, 4^*j 4 4(Ra)="87".5S. 444S ^44^11 444 *444 4444. a, 
44H44 9.5 lmdumenVwS «H 4^4 4*44- 444, 4£ 25°C 60mA 1-4, 45L 25°C 20mA 44, 4 

Sl 60°c 90%rh 44 4 20mA 444 4 4^*l^°ll4s ^4^1°ll 7l44fe €47} 4444 4444 ^4 
44 44^4 4^444 44 A 4?14 4 444. 
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(Hi a^ll) 

SSfpMliilf^lf (Y 0 . 8 Gdo.2 ) 3 Al 6 0 12 : Ce ^f43H4 (ZnCd)S : Cu, Al 3. 4 4 SHfe 4^HU4 

4°J4 44 4<4$-^S *i455U, 4^114 4^1314. ^44 44 f^d 4*Hl4 

444*1^ 4^1 44°1 445)5344, fl5L^ ^OJ-C)-. JE, ^A]^o)]A^ of lOOAUHl^l ^S7} 5)44- 

44444 mm 44, 4*11 4 444 ^l $1534. 
<^4, 44^44 4444 *f ^43 <H Si ^ 44 sl^ 4 4^4 44»ll 5] -3fl 444 sH 

H^MI^S^ #S^l5L^ 4444°1 44<>1 S-^S 4 ^444. 45. 25°C 20mA * 

3, 4£ 60°C 90%RH 4°1H 20mA *44 4^1 1 §44* 44^14 444 44 2£13^1 flS^ ^ 

44 444 4^*14 4444. £13^11 4°14, 44<>1 4aHioU 3 £01 Hi^Hl-i- 4444. 

(44 i 2) 

^ AH 2^1 44 4°liLHfe, 44^44 4^#3l5^#4£*114 In 4444 ^^15] 44^4^4 ^7M^ 
4 44^44 44 460nm°.S 4^1, i£4 n H4:i^43l4 Gd 4444 44im4 4^4 (Y 0 . 6 Gd 0A 

3 Al 5 0 12 :CeS^^ ^Hl^ 4^ ^14 ig-^AS. 44 4^1^* ^1414. 

4714 4°1 *il44 44 4 d l^^, 444 4 ^ 4^, AJ !-45L, 444 444 443514. 44 

, 4^(x="0".375, y="0".370), 4400K, 444 *l=r(Ra)="86".0<>l 44. 

5.18A, £18B ^ iiSCi 44 4-*H24 ±£4^144^4:4 44^4 4 44 4°l-£-^4 4 44 
34 4444. 

a, ^-4^H25l 44 4°1^«- 100711 ^14^114 S7l 4£°il tfl4 100044 4444 ^ 4^1- ^^4. 
n 14, i7l(^^Ai^4)6] 100%43. ^-f , 10004 4 734^4 ^3-4H^ 98.8%s. ^. 

4i 4°i4 44t + $a44. 

(44 i 3) 

44^34 Tg-^tj-oliLS-fe, SI^fMl 4^4*11 S. Y, Gd, Ce4 SjS^riii Sm4 3 4444 ^44 (Y()g9 
Gd 0 . E7 Ce 0 . 03 Sm 0 . 01 ) 3 Al 5 0 12 : Ce 4 ^4*fl« 4 4°fl^r 44°Hl4 ^44 t^AS ^14^4- 0 1 

4AH135] 44 4°liHf 10071] *H4^4, i30°c £-£§HH 3 J7}4 14, 44°U4 44 4°l£^l «H ^5 
^£^^1 8%^£ 4sf 4. 

4AH14S1 led SAi7lfe, 4^-Hli^l 4°l-$-^7>, £iiiA]4 401 ^-Hi3fl4^ ^a^4 44^71^ 4^ 16 
xi6 pflE^i^Eiis 4-gslcl 4^44. ^^HUal LED a^H^Tr, ^4 4°1-^H7> «1144 7}^, ^m=r4 
si ^1^43- 44^^(505)71- <a4s ^44 4^1(504) xfl4°ll «fl^sli, ^4 4°1^h4 44^* ^14^ A 1 A 1, 
44 4°1^, 7]4 ^ 44^^114 ^4* ^^4^11 44 *-4^s 4^4 421^4(506)71- f^444. 3L, 714 

4 44 4°1^44 4^4^444^11- ^4*114 4^4 

4714 4°1 ^1144 LED S4711-, <g^5|^iAl cllolEli- ^Al^AS 7]«4^ RAM, RAMi 7l 4 5) «1 ^ 

4 ^#«flAi ^4 4oi^.h« ±7§$) 47IJL ^^Ai7]7l ^4 ^3:4x1- <344^r tH^^IHsIs^I 
m-misLS- ^^=I<H 44 4°1^«- ^¥^171^ =461 all- 4^14 4* s|«fl 4*4as«1 4-^ led 
jE^14*1s 444 ^ 44«4. 

(44 i 5) 

€4°1I54 444 6 1^^, as^4^4i^4^s. o]44 (Y 0 . 2 Gd 0 . s ) 3 Al s 0 12 : Ce SAlsl^ ^44 
1- 444 $ 4i^r 4^HU4 ^^4 4^as ^45^4. 4^H154 44 4 C >1^1- I007fl 44«fl4 s.^ 4^4 

mm. 

=l 44, 4-£^ (^4^1)4 (x="0".450, y ="0".420)iL3., 44^sl 44 444 4 il44. 

£19A, £19B 4 £i9Ci 44 44°fl5^ ±£-4^44^ 4^1, 44^4 4 44 4°R^4 4 44 
^4 4444. 
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a, 43353 44 4 0 j o^r, -^Al^io] ^ rq-o] 3«i] fl£7> 4 40% 43434, ^3^34^ 4 

3313- 444 4^44 4435S4. 

(4336) 

43363 44 43-2--^, i£43 34^1! 4*11 S Y 3 Al s 0 12 : CeS i33^ ^43* 444 1 

33^ 43314 414 34*4. 3 43363 44 43£^-« 1003 3433 £€- ^tf^f4. 

n 14, 433H 33 44 4434 4 »J?3 44 44tt =r $144- 

£20A, £20B, £20C3 44 43 *163 if_E43 34^ 44^4, ^ 44 43£^3 4 44 i^S^ 
* 4434. 

a, 4 3 o|l 631 4443 £^3r 4331333^ 43314 447>3S 444 3444 443534. 
(4337) 

43373 ^ 40I o_xr^ > Pl^A^^ls. Y 3 (AIq.5 Ga 0 . 5 ) 5 0 12 :Ce£ S33fe 

« 444 1 33^ 43314 414 t 1 ^^ 34i!4. 43373 44 43£^# 1003 3433 £& 434 

4144. 

=1 14, 43 373 4443£^r, #}£tt 343434 ipj)^. u} sflAfl ^ ol ^ 

^a] 6(114 447M5L 444 3444 443)84. 

£21A, £21B, £21C3 44 43373 iS4334^1!43, 44^4, 4 #4 43££3 4 44 i-^H^ 
4 4444. 

(4338) 

43383 4443-2-£^t, ££43^4^14*113- ^43 Gd 3 (AI 0 . 5 Ga 0 . 5 ) 5 0 12 : Ce £ X33tt y* i 

443 &4 W3# 444 51 33fe 43314 44 34S4. 43383 44 43^-» 100711 34 

n 14, 43333 4443^^, ^£fe 343434, 4^3^33^ 43314 nf^s 444 4^4 
4 44344. 

(4339) 

43393 44 43-££4 £73 £4$ 444 434 ^4^§ 443 44 4334. 

44^4-S 44 3 37} 450nml In a05 Ga 0 . g5 N 4£3 4 4-8-554. 44-^4^, 3^ 3 4 443 3 71 4 4 
3 TMG(HB|PlM4#)7l-i, TMKH3 3 414)71-4 147}:i 4 E€S7}if 3337}i4 43 t-e|jL, MOCV 
d^as 144f4]4tl-4£34 ^4414 "11444. £4S7ii5L3 siH 4 4 c P2 M g # 4^ 53°H 34 
£4-^* 7>4^ 144#4£^14 p^h^^ 144#4£^11- ^^^14 pn^4* S^t4 45L^^ 
4^4^-fe, N^£?l^* 7Hfe I44f-4£^1 < ?1 £4-^* 7}7]i: 444^-4^-344^1 

s-f-, £4^* 7M^r 1 44? 4^-3 4^1 4 fe|Hf, 5i44# 7>^lfe 1444451^114 ^ai4^ 
f l^m4 £444 7>4^ #5fl^*4 £444 7Hfe #^e* 4°H 34^611^143 3^ Zn £H I 
nGaN3 44 #4 ^414. 443334 4^1^ 34AS 14444£^11- ^44^- 33#^s 34514. P^ 
141-4£4#4 44^ 400°c 343 ^^14 34^33 44- 

4 4£^11 44 444 4, HAS pn 4 4£^I1a44 ^#41 4, ^3 3^^ 4 444 44 ^44^, 3 
^3 *I144 4£^11 31331- ^43 «-4^14 ^.4 ^, 3^4 7H4 4441AS3 44^4^3 44^41- 
^4^4 

4£44 43^1 3^=3 0 J3 443 14 7>3^ pf^E-e!-^ 44^41- 34443s 434^514. 44 
^43 4 444 44S-3E S 43-3^-4 44 3 7 J3 30/an4 44^s 4334^33 433ajl £4414 

#^43^r, i4^ ^« 43 44^47} 334 3£=sil , a4 4°J4^ 444 34343* 4°J4 4, 150°c 
3 3 534 1 43 3 3 333 4443£h«- ^4314. ^43 4443£-^« 443 £4 344 4h4^ £ 



17 of 28 



^444 ^-2003-0097609 



444 ^44°)] ^4444. 4iEili44 "gX4 gg ^o. Bjj^^tL^^ Ej^n>f~i- o^^j 40]^ iaj 
^-ai-aI?! o.S i£l443fl ^ 

44, Ifif^i-^dilflfe, i~q?\] ?J *HXl# 44 IAS <5Rf: Y, Gd, Ce, La4 4£44i4 444^4 

s- 4i 4*fl44 4^4 t4H]4 ^4534. ^*j|4 <g£ -^4444, 444444, 44444 4 
4*114 444s« 44 £^4. isji^ 4444444 -S444 E^Wi ^4^ 1400c 4£« 

4°114 344 4i4*fl4 £44. ^f-§: 44 4^°fl4 l:4(ballmill)*114 «-e), ^ 

Xl3,44 ^4514. 

4"44 44 ^wVA] y 3 (A1 M Ga 0 . 4 ) 5 0 12 : CeS 3L4s|^ ^JjXW 447]-44 X|1*8#X| 120444 

4, 4£4 f^S 444 (Y u Gd 0 . 6 ) 3 Al s 0 12 : Ce 3. K*)^ 4^47} 447>44 42^4X1 10 

04444 44444 1004444 3 *4*(I4 #44^ ^1-51, «1 #e|s]S ^1 0.5mm4 «}3|f 44 ^3 
S4« 4444 4444 EI, 4^44, r^ll 4 30,tmi4 ^44X|:£.4 ^#444 «j4444 

44 4^4444 44 37]S ^#44 Aj-of| flfl4^ 44 4^, 4444* 44314. ^714 £ 

4 444 ^4444 4^4 <S44 44* 444 14, nE^r (x="0".29, y="0".34)4^, <&q$ ^(Rafe 
92.0AS 444 1 ! ^4§-4 44* 444 4444- 3E, 44:§:44 12 lm(lumen)/wS 44 #44 4444. 4 
ifl^ Al«iLS.>|s] 60mA 44 20mA ?-4, 60 1 90%RH §H4 20mA 444 4 4^445. 

*§4X14 44 ^44 4444 &44. 

(Hi 51^2) 

^4494 y 3 (Al 0 .6 Ga 0 . 4 ) s 0 12 : Ce 3, £44^ 4447> 447>44 XU^4Xl, g ^44 (Y 0 . 4 G 

o. 6 ) 3 A1 B 0 12 : Ce 3. H^fe ^^^l7> ^47>44 Xl2^4XliS. 4444^ 515=^-4 1-1)4^4X1 44, 44 
Xlt^l -n-i^l(perylene-derivatives)4 4444^44S(4.^44(SINL0IHI)44Xl FA-00D4 3444^ 
445.(4^44444 FA-005M- A>-g-s>s f^is -£4 ^44 4 44fe 44 494 4^ as 44 4 
XI45SUi 44494 ^4 4^44^1-8: 44H4. 444 4^414 4444.A5.4 4:&^£ (x="0".3 
4, y="0".35)534. 4^ ^11^, 4^- 4H°)H t\3\^^ 200hrS ^1*^ 14^:4 ^ *^4>ll «fl^l ^14 
i 41- T ^ ^914. a, 45)^ ^IIAsaI ^^4* ^^1^4 70 ^Hi^^l 4 

4i 4^- *4 ^£ S ^1 ^3H4. ^- 14S ^4^194 4^ £14 g ii5°fl 44 £ A 144. £14, ii5i4 
4 ^ -S*H9fe Hl^^l2ii4 t44 34. 

(4*H10) 

-i^HHOsj ^ 4°l£Hfe e] s.4^3 ^ ^ 4°l-2-^°14. 

4*H103 44 4°l-$-^4^, 44^194 4^AS X144 450nm5l In 0 05 Ga 0 . 95 m 44#4 4 
*fca, 44^H 4 444 4^-e|= ^ 4^-54^1- 44 44AS 4°l c H4 t 3«ll4 47l^AS es a i^c|-_ 

44, Hflil'ailWfe, Y 3 (Al 0 .5 Ga 0 . s ) s 0 12 : Ce S. $.*] 5) ±= 4^]?il4 44444 Hi* 

4X14, ^4^1 CYoa Gd 0 . 8 ) a Al 5 0 12 :CeS a^^fe ^^|7ll7> t47>44 ^12^4X1» 44 444 4°1 ^1 

^414 ^n*\ ol-g-314. 4, 1A4 Y, Gd, Ce^l 3j£fl-44i« 444-^li 44 4i 4^44 4^°-!]4 44 
«^I4 ^H44. °1^4 ^sfl^i ^4 ^44#4, 44^4^14, 44444 ^4«D4 *44s# 44 £44. 
o}7H =^iSA] 1-444^144 *4^fl4 etHH 4^., 4^1^ I400°c^ 4£i4 3^R> ^^a-] q-z^ ^ 
44 £44. ^44 44°114 44(ball miii)44 X14 4s, 4^14^s Xls *)4 ^ ^ °jA}i# 7 M 
c XII, ^12^4X11- ^14H4 

4^14 4°1 *)144 ^111^4X1 ^ X12^4X1 44 404441- X14444 I00=f-44i *4*D4 #^e]s. 4* 
3., °1 4^211 44^a>71- «pm 44H-Bli£ 4^1 ^4X1 ^<g?l4. ^r^^, ^4 i£^]44i^4Xl4 4 

44^ 444 130°C^A1 1AR ^o> T^sl-Al^^. oj^Tfl *H *4 ^ ^^l 120p4 S£^^411 4^^4X1 

7> t44 5?^4^4 mm. 44 ia^4Xl4, 44^H 7>4*44 am4*144^4Xl^ 4°1 4^^1 4 
44^4 ^4314. 7i^, 444i44 I£4^M14^4X11- 44 44 44 4 44 lit 44^s 

-^5L^-7fls4 44^ ^44444 ^«4. 4^4^lfe, ^» ^fli l£44i-il4^4X14 s^^7> ^ 
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44 3s=31<3^ 4^4^44 ^4 ^4-1-^4^, 150^14 544 ^4^44^4 ^H4. °l«7il 
7il44 44°lU05l 44 4 0 1^tt, 44 44 ^4°I14 4 ^ iS.^f-4 ^14^4*11^ :B444°H 2\f% ^447} 
^q^n&^zW^c] 444. 

4714 ^o] *j|4^ ^aI^io^ ^-4 t\-o]o^^ ^4£, £^4 4<r» 14, ^-£^4 (x="0".3 

2, y="0".34)ol3l, <g^4 44(Ra)="89".0, 44^44 10 lm(lumenVw44. 444 4^A5.4^ 60 

mA 44, 44 20mA 44, 60°C 90%RH 4 0 114 20mA 1-4 5 ! 4 4^H4^ ^£44^14^11 4*H 44 44 

7]- 443*1 °>o| f-^o] ^ £j=^ ^^HH ^o]7> fl^g-fr J3-o]*V ^ 01^4. 

(€4 in) 

LED 4:4^4 44 31371- 470nm4 In 0 . 4 Ga 0 . 6 N l&jyfl* 4-8-3J4. §4^4^, 4*<]44 44°H7l4 4 
i TMG(S5H €44)4=4 TMI(Ms| i 44)7Li, 4471-^ g £?m7>i# 7fle]474i4 4^1 S3 2., MOCV 
D^itS. 1444444#4:£*lll- ^4^4 S4U4. £SS7li£ SiH 4 4 Cp 2 MgS 44fe £ 
444 7Mfe- 44444-51^4 PS5L444 7H^ 444445^11- ^4*1)4 PN^44 S4f 4 LED £4-S 
*r, N^J£44^r 7>4*r 444«-4?-*fl4 P^ 51444 7M^ ^tft^ltlt^J 4^4, PS 

£444 7>4^r 444*4E*)14 3-^44 S4M4. NS £4 A M 7M^r €~444 PS £44* 7)*|fe 1-eflS. 
4 4 S HI ^ 4 3nm4 4£ = InGaN^ 4444 l^jt^ 4H4#4£S 41-44. 444 °1 7l 4 4°flfe 
4 4 AS 1444451^ 40.^4 ^M4. 

4714 ^-oi 4 4-g- «§44 ^, ^i^i as pn 4 4£ 3)i4-i- £#4 4 ^, ^43^-°-?- P 4 ^ n 44 4 44 
4 S4S4. 4f t!) 3144 4£4] 3H44 iHL4°4i444 ^4 4^4 7HlAi 4444 44^4^ ^ 
£4* S4U14. 

4?1 44^4* 4331 4*s-5ls<q ^cfl 6(1^1^1- oi-g-sn*) 444^3! 4. 44^44 4 44 

4 4^rS-e)H 4 443£* 44 3^4 30/im4 ^-4<LS 4°H£4!*I14 3.43 o S £^^4. 

1-H43fe £4S St- vfl^ #^i47l- ^-^42. i^-4^r4* ^% 150°C 

& 114 5^14 ^^144 ^^7il^^4 d l^» S^U4. ^^4 ^-4 d l^l- a¥ ^44 4^1^ 

£#45] U^oll ^^^1^4. ol- 3 ^^o] ^^HVAj.ja^,,^ El^Hl-f-^- 6>^^t)1 uj-ol^ ^ 

°ll &4^m iafi4^l ^ ^4^1^^i 4 S^s. ^514. 

SS-^14^^4^1^, (Y 0 . 8 Gd a2 ) s Al 5 0 12 : Ce 3. 3L*\q5L «1^ 444^^1 4^^7> 

^7}^ ^^14, ^4^1 (Y 0 . 4 Gd 06 ) 8 Al 5 0 12 : Ce5L SL^jO. 444^4 44317} 447>^4 

44^1* 4^-4 4°1 44«M °14^4. ^4^1^, 44 4-^4 Y, Gd, Ce^l siS44i* 44^= 

m^} 44 4°11 -g-3W4 ^4i4 ^I^IM °153# ^4*114 ?^144#4, 444^^14, 44 

4f-# *4s)14 ^44s# 44 ^^4. =^^4 444^^144 ^4^4 £7>4<fl 4^, *7)^ 1400 
°Ci3i -g:£i4 344 4^*fl4 i^#4 ^44. 4i A ^4 44 4^14 44 (ball miii)«fl4 ^14, 4^, 44 
4—5- 34 S4t4. 

4714 4°1 ^144 hi sal 4444 s ! 4-^4 ^4^1 100^444 «1^^ 4444^1 4^14 S4^fl 100444 
1- 43.4 4*1 10004444 4 €-4*114 4*4^44 4^1 180/msI ^444 ^fls 444^ S4444 
4. ^§4*1144 ^44^1 ^A4444 44 34s. 44*114 i444°fl ^W\^= ^^1, 444*11- 31434K 

olf 7)1 7114*1- -^4^11011 4s. ^44^51 ifl^, 4^ t^I^I- 4^ 44, (x="0".33, y="0".34)«l 

si, 4^^ 44(Ra)="88".04 44^4. a, 445:-i:4 10 lm/wS4. 

_£22A, £22B, i22C4b 44 44°Hll 0 H 444 4 (Y 0 . 8 Gd 0 . 2 ) 3 Al 5 0 12 : Ce S a4^^ ^4^1, 4 ( 

0 ^ 4 Gd 06 ) 3 Al 5 0 12 : CeS. S4^|fe 4 44^4^1 4 44 ^4S^4 4444. 3L, £23ife 44^111 

51 ^4 401 o_5i4 44 ^H^4 4444. 44°1, 44AS.421 44 60mA 1-4, 44 20mA »4, 60 
°c 90%rh 4i 4 20mA 44^1 4 4^i4-£ 44 44^ 44^14 444. 447>4s, Q ] 4 

444 ^el7>4^ 444 4 4«il 44^4^44^1 44°1 444^1 4£ 44fe ^£^4 4444 4 44 

(44^112) 
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-SaHi2^| iS^H^^^l^l Y 3 In 5 0 12 : CeS XaIe]^ Al-fr St*M $ 

£ *V8-*B=- 3 <jh^ ^Hi^ ^ tHAE.* 100711 €*H9a] ^ 4 d l 

iL^, ^l 1 ^ ^*1^<HM ^16)114 4§7Wi -H^ ifl^'-fr 4^5a^. 

*HHH£ ^^#51 «31-7> ^ o.T^, x-fl^ofl ^<H44. nl-BH, ^^^^1 ^>7l7Hl tl-^Sl^ 31AlSl^ol 

A^-sife *v&*> 3*1-8-. Wi^-g-, j^aa^-g. jL^issi ^ ^-^HH^i i A 14 2^ o. 

3>1 A)l -g-SS 7fla] t ^ J!14. 

1 

^71 ^1 §h ^^1 ■a^-i- s^^H fts #3 4^-4^ th& ^ ifr^fe 3 

S^^M 51 *H -8-71 I-e14fe- ^r^m ^*}t}5L, 

^7} 3HH Jl A J"7l #H.^^ir 3RJ;*# ifl-fl-A^^l ^711 5^ 3* <5fe 

^-71 #2^ Aflfe ^-71 JjM|7} ifefe «g#*ll* Stt* ^S^S.*fe W8-*|. 

*Hl%Hl XH A i, 

-S-71 -8-71 a^JMfe ^i-^^lfe 3# 

#7l U;#:£7Rr ^# «KE;*I1« 7Hoj ^7) S^fe 1) Y, Lu, Sc, La, Ga £ SmAi^ ^=|fe afos^E| 
a]eh^ ajols h}^s1 2) Al, Ga ^ InAS ^^fe rLf-A^f&l ^H-E ^"KH ^h]^ 

^t^ii §m ^^1. 

%7] m;^A]^= ^1^4 4^BfBl-^, ^^^1^4 o]aJ^. ^elso.3. nf-iA] Aligns)^ 
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